The rheological and instrumental textural properties of the butters, margarines and spreads were determined in this study. Three factors affected on the rheology and the instrumental texture of the examined yellow fat products: temperature of the measurement, origin and the content of the fat. The results obtained at 5 and 20°C showed significant differences (p £ 0.05) in spreadability and hardness. The highest hardness and the lowest spreadability values were recorded for the butters and mixed fat products with high fat content. Generally, milk fat content caused a significant increase of hardness and decrease of spreadability. The best spreadability was measured for the spreads with the lowest fat content. Adhesiveness and cohesiveness analysis revealed that the most adhesive and less cohesive were the products with high fat content, less adhesive and the most cohesive were spreads with the lowest content of lipids. All of the samples exhibited thixotropic and shear-thinning behavior. High correlation was found between spreadability and hardness. Apparent viscosity did not correlate with spreadability and hardness.
INTRODUCTION
Hardness and spreadability are the most essential features perceived by the consumers. [1] The hardness and spreadability of the butters, margarines and spreads are mainly influenced by its ingredients, especially solid fat content. [2] Increasing solid fat content causes an increase in hardness and decrease in spreadability. The melting temperatures of triacylglycerols depend on their chemical, often multiple, composition. Milk fat, for example, contains potentially thousands of different triacylglycerol species with melting temperature between −40°C and 40°C. [3] After 1980 world consumption of butter and margarine declined in favor of products with lower fat content. [4] Over last decade, however, world butter consumption steadily inclines, margarines and spreads are more frequently chosen by the consumers. [5] This is mainly due to the nutritional propaganda, the change of price ratios, the functional characteristics and the inferior cold spreadability of butter compared to margarine. [6, 7] There are many methods applied for spreadability evaluation. Apart from instrumental methods sensory analysis of hardness and spreadability is often applied and highly correlated with them. [8, 9, 10] Most of the instrumental methods involve large deformations which break down the material's structure like penetrometry, extrusion, compression and sectility. [3] Small deformation methods are also applied. [11, 12, 13] In this study cone penetrometry was used. Most of the original penetrometers were designed to fall under the constant load of the penetrating body. [3] This method is recommended by American Oil Chemists Society. [14] In this study the constant speed penetrometry is applied in which the penetrating body is mechanically driven into a sample at a constant speed and the force required to do so. The aim of this study was to evaluate instrumental texture and rheological characteristics of yellow fat products designed for spreading and to determine correlation between the measured parameters.
MATERIALS AND METHODS
Nineteen commercial table fats collected from different producers were used in this study. The specification of these products is given in Table 1 .
Rheological Measurements
The flow curves and apparent viscosity were determined using Haake RS 300 rheometer (Haake, Karlsruhe, Germany) equipped with a concentric cone (35 mm diameter, 2° angle) and plate geometry. When the sample was placed on the plate, the lift moved and 
Instrumental Texture

Samples of the table fats (40 cm
3 ) at temperature 20°C were put into cylindrical plastic containers (40 mm in diameter) with special attention to avoid bubbles formation. Half of these containers was taken for analysis at once, the other half was stored at 5°C for 21 hours and the texture was analyzed immediately after this storage. The instrumental texture analyses were performed according to TPA method modified by Bonczar et al. [16] by two sequential compression events at the crosshead speed 1 mm/s on 15 mm depth, separated by a relaxation phase of 15 s using a TA-XT2i texture analyser (Stable Microsystems, Godalming, England) equipped with a cylinder probe (1 cm diameter). The hardness, fracturability, springiness, adhesiveness, cohesiveness, gumminess, resilience and chewiness were investigated, however, only hardness, adhesiveness, and cohesiveness were used for the purpose of this study because fracturability, springiness, gumminess, resilience, and chewiness play inessential role in table fat texture estimation. The hardness is defined as force, which is necessary for obtaining the precise probe deformation. Adhesiveness is work necessary for overcoming the force of attraction between the area of foodstuff and other solids coming into contact with them. Cohesiveness is defined as forces of internal bonds, which keep the product as a whole. [17] Six samples of each spread, butter or margarine were evaluated per treatment. Each treatment was completed in triplicate.
Spreadability
Spreadability was measured using a TA-XT2 Texture Analyzer with a TTC Spreadability Rig (HDP/SR) attachment (Texture Technologies Corp.). Samples were filled into a female cones (90° angle) with special attention to avoid bubbles formation, and identically as it was carried out for the texture analysis procedure: half of the female cones was taken for analysis at once and the other half was stored at 5°C for 21 h and the spreadability was analyzed immediately after this storage. During the analysis samples were displaced to within 0.5 mm of the base of the female cone using a corresponding male cone (90°a ngle) attachment for the texture analyzer. Force expressed in Newtons was measured for the duration of the test, and spreadability was equated to the area under the curve. As more easily spreading samples required smaller forces to be displaced from the female cone, smaller values reflected easier spreadability. [18] Four samples of each spread, butter or margarine were evaluated per treatment. Each treatment was completed in triplicate.
Statistical Analysis
The data were analysed using analysis of variance and Student's t-test by the Stat 1 (version 88) computer program (ISK, Skierniewice, Poland).
RESULTS AND DISCUSSION
The hardness was measured in two temperatures (Fig. 1) . The differences in hardness values between examined products at 20°C were not significantly (p ≤ 0.05) important. Samples SD 40 and SA60 were significantly harder at low temperature. The higher hardness of these products was probably caused by the chemical composition. In the case of SD 40, the fat was the milk origin and the SA 60 spread was packed in the bar, so it suggests that it contained more hydrogenated oil. High hardness values were also recorded for the butters samples and most of the mixed fat products contained above 60% fat. The hardest of them were butters B82, B74 and amongst the mixed fat products, XB75.
The textural properties of butter and milkfat are the result of the 3-dimensional network of fat crystals associated with a continuous oil phase. [19] Fat crystal networks are held together by van der Waals forces. [3] The ratio of solid to liquid fat, is the primary determinant of butter consistency. [20] The solid fat content (SFC) for butter is higher than in the butter-like products and commercial margarines [9] and typical SFC curves for the tube and bar margarines indicate much lower SFC in the tub margarines. However, samples having similar SFC may exhibit different hardness values. [21] This is because the strength of crystal network depends not only on the amount of solids present (% SFC) but also on the polymorphic behavior and the crystal size formed. [22] The differences in spreadability measured at 20°C and as for the hardness results in the most samples were not significantly (p ≤ 0.05) important (Fig. 2) . The important differences in spreadability were observed when the samples temperature during the measurement was 5°C. The worst spreadability exhibited the butters and mixed fat products due to high content of fat and the presence of milk fat. The best spreadability was represented by the spreads with the lowest fat content.
Adhesiveness and cohesiveness analysis revealed significant differences (p ≤ 0.05) between the yellow fat samples at 5°C ( Table 2 ). The most adhesive sample was SA60, the less adhesive were the spreads with the lowest fat content. The most cohesive were the samples with the 20% fat content. Increasing of the fat content, especially milk origin, caused significant decrease in cohesiveness.
Apparent viscosity during the measurement was decreasing (data not shown) what suggests thixotropic behavior of the analyzed samples. All analysed samples were shear-thinned (pseudoplastic) (Fig. 3) that is in agreement with previous findings. [23, 24] Table 3 contains correlation coefficients for different instrumental texture parameters at different temperatures. The correlation between spreadability and hardness is high especially at 5°C. Spreadability and cohesiveness measured at 5°C also correlate very well, however spreadability and adhesiveness at 5°C are not very well correlated. Low correlation coefficient between spreadability at 20°C and spreadability at 5°C as well as between hardness at 20°C and hardness at 5°C demonstrate very clearly differences in rheological properties of table fats at different temperatures. This is confirmed also by low correlation coefficients between spreadability at 5°C and apparent viscosity at 20°C, and hardness at 5°C and apparent viscosity at 20°C. Rousseau and Marangoni [11] demonstrated that SFC and hardness of the butterfat and butterfat blends are considerably higher at 5°C than at 20°C.
High correlation is observed between hardness and cohesiveness. Apparent viscosity and spreadability are not very high correlated, as well as apparent viscosity and hardness. Mortensen and Danmark [25] examining the consistency characteristics of butter also found that correlation between viscosity and spreadability is not very remarkable. 
CONCLUSIONS
Three factors affected the rheology and the texture of the examined butters, margarines and spreads, i.e. temperature of the measurement, origin and content of the fat. The differences in hardness of the examined products at 20°C were not significantly (p ≤ 0.05) important. The samples contained more hydrogenated oil or milk fat were significantly harder at 5°C. The highest values of hardness were recorded for the butters samples and most of the mixed fat products contained above 60% fat. Adhesiveness and cohesiveness analysis revealed that the most adhesive and less cohesive were the products with high fat content, less adhesive and the most cohesive were spreads with the lowest content of lipids. All the samples exhibited thixotropic and shear-thinning behavior. High correlation was found between spreadability and hardness. Apparent viscosity did not correlate with spreadability and hardness. Table 3 Values of correlation coefficients.
Correlation coefficient
Spreadability and hardness both at 5°C 0 . 9 6 Spreadability and hardness both at 20°C 0 . 8 6 Spreadability and cohesiveness both at 5°C −0.87 Spreadability and adhesiveness both at 5°C −0.44 Spreadability at 20°C and spreadability at 5°C 0 . 1 3 Hardness at 20°C and hardness at 5°C 0 . 2 9 Cohesiveness and hardness both at 5°C −0.92 Spreadability and apparent viscosity both at 20°C 0 . 6 4 Hardness and apparent viscosity both at 20°C 0 . 7 0 Spreadability at 5°C and apparent viscosity at 20°C 0 . 2 6 Hardness at 5°C and apparent viscosity at 20°C 0 . 2 3
